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This study focuses on the determination of drugs, namely nimesulide, amoxicillin, and tribulus ter-
restris, in an alkaline medium as well as in blood samples, urine, and commercial tablets. The study exam-
ines such factors as reproducibility, repeatability, robustness, and accuracy in the determination of the 
drugs in the samples. 
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Исследование посвящено определению лекарств в щелочной среде и включает в себя идентифи-
кацию нимесулида, амоксициллина и трибулуса террестриса в щелочной среде (образцах крови и 
урины), а также в таблетках. Изучены такие факторы определения лекарств в образцах, как вос-
производимость, повторяемость, надежность и точность. 

Ключевые слова: лекарство, определение, спектрофотометрия. 
 
Introduction. Every process at some point undergoes analysis in order to ensure more reliable results. 

The analytical results are responsible for determining the decisions required for the quality control of prod-
ucts and the production process as well as developing new products and addressing environmental and health 
issues. Spectrophotometric methods are among the key applications of analytical chemistry, owing to their 
extensive use in clinical analysis laboratories. Molecular absorption spectroscopy forms the basis of many 
procedures to identify the functional groups of molecules, including drugs. Most of organic molecules and 
their functional groups are transparent in the region of the electromagnetic spectrum [1]. However, with 
chemical treatment it is possible to perform quantitative determination of the compounds that contain absor-
bent groups such as drugs [2]. 

Analytical methods are those in which the biological matrix is not used in the analysis, unlike the case 
of bioanalytical methods that are carried out in the biological matrix [3]. The choice of an appropriate ana-
lytical method is very important to ensure quality control, especially in the case of medicines, since this is an 
essential stage in good manufacturing practices, with regard to sampling, specifications, tests, together with 

                                                 
** Full text is published in JAS V. 85, No. 6 (http://springer.com/10812) and in electronic version of ZhPS V. 85, 
No. 6 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru). 
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organizational and documentary procedures. These practices are designed to ensure that medical products are 
not offered for sale or used until their quality is considered to be satisfactory and reliable [4].The quality 
control of medicines has been the source of great anxiety owing to problems they can cause to the organism. 
This has led to a large number of research studies and made it essential to employ effective and reliable ana-
lytical methods [5]. 

Nimesulide, which has an N-(4-nitro-2-phenoxyphenyl) methanesulfonamide molecular formula, is a 
nonsteroidal anti-inflammatory drug with anti-inflammatory, analgesic, and antipyretic action. It is widely 
prescribed and recommended since it is more effective than similar drugs, such as ibuprofen, diclofenac, and 
piroxicam [6]. However, this product leads to contradictory results in several cases, for example, in patients 
with hypersensitivity reactions (bronchospasm, rhinitis, hives, and gastrointestinal bleeding) [7]. Nimesulide 
has a history of side effects, such as gastric discomfort or pain, loss of appetite, nausea, vomiting, gastric 
bleeding, and a disorderly collection of some types of liver lesions [8]. 

Amoxicillin is a semisynthetic penicillin. As it forms a part of the amino group, it has a wide-ranging 
spectrum of action. In comparison with ampicillin, it has greater bioavailability, and the presence of food 
does not interfere with its absorption [9]. It is a resistant acid but undergoes inactivation of the beta-
lactamases produced by several bacteria [10]. The maximum plasma concentrations of amoxicillin are 
reached in about two hours, with an average of 4 μg/ml [11]. It can be used for the treatment of respiratory 
tract infections, such as bronchitis, bacterial pharyngitis, acute otitis, sinusitis, and typhoid fever [12]. In ad-
dition to different infections caused by burns of the skin and soft tissue, the biliary and genitourinary tract 
can be treated with amoxicillin. Thus, it is necessary to establish surveillance mechanisms on the use of anti-
biotics [13]. 

Tribulus Terrestris forms a part of the composition of several drugs, and owing to its great importance 
in the treatment of various hormonal diseases, there has been a great deal of research on its control and 
monitoring. However, there have been few analytical methods for Tribulus Terrestris in clinical and pharma-
ceutical samples [14]. In view of its importance, there is a need to employ selective methods that are precise 
and fast, as well as cheap, for its detection in clinical and pharmaceutical samples. There is a need to detect 
the drug in several samples so that this metabolite can be monitored, as it is involved in several types of 
treatment [15]. 

 

   

 
Other techniques used for the determination of drugs found in the literature are flow injectionanalysis 

(FIA) [16], chromatography [17], fluorimetry [18], and electrochemistry [19]. However, some of these pro-
cedures are expensive, while others are complicated and/or require well-trained professionals, since many of 
these procedures involve several analytical stages. 

In light of this, the purpose of this work is to carry out the spectrophotometric determination of drugs in 
commercial and clinical samples for analytical control, with the aim of validating the method. 

Experimental. Reagents and equipment. The reagents used were of analytical purity and included 
Tribulus Terrestris (Herbarium), nimesulide (Sigma), amoxicillin (Sigma), ethanol (JTBaker), isopropyl al-

Nimesulide                     Amoxicillin 

Tribulus Terrestris 
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cohol (JTBaker), tetrahydrofuran (Synth), acetone (Synth), and sodium hydroxide (Merck). The spectros-
copy measurements were calculated by a Femto spectrophotometer, model 600 s with a 1.0 cm optical path 
quartz cell, connected to a Cole Parmer recorder (Niles, IL, USA), and gave absorbance readings between 
300 and 700 nm. The Origin program from Microcal Inc. 7.0 © was used to handle the results obtained. 

Preparation of the standards and construction of the analytical curve. A stock solution of 0.5 g/L of 
nimesulide was prepared in 100 mL of sodium hydroxide (NaOH) 0.1 mol/L. Seven stock solutions of nime-
sulide were prepared from the stock solution by dilution in the concentration ranges of 0.42 to 5.13 mg/L. 

Amoxicillin was prepared in 1.0 mol/L NaOH in the ratio of 2:8 with ethanol/NaOH. Subsequently,  
a stock solution of amoxicillin of 0.5 g/L in 100 mL of NaOH was prepared. The stock solution allowed 
seven drug solutions to be prepared by dilution in the concentration ranges of 0.36 to 4.85 mg/L. 

The Tribulus Terrestris was prepared in 1.0 mol/L NaOH. Subsequently a stock solution of Tribulus 
Terrestris of 0.2 g/L in 100 ml of NaOH was prepared. Seven stock solutions of the drug were prepared from 
the stock solution by dilution in concentration ranges from 0.18 to 1.00 mg/L. 

A calibration curve was constructed with stock solutions prepared in glass cuvettes with a 1.0 cm opti-
cal path length and λ = 460 nm for nimesulide, λ = 530 nm for amoxicillin, and λ = 350 nm for Tribulus Ter-
restris. Each point on the calibration curve was repeated seven times. Statistical tests of linearity and homo-
scedasticity of variance were performed. 

Preparation of clinical and commercial samples. The representative spectra ranged from 300–700 nm in 
the standard solution of 7.0 mg/L of nimesulide in 0.1 mol/L NaOH, 1.0 mg/L standard solution of Tribulus 
Terristris in 1.0 mol/L NaOH, and in the standard solution of 7.0 mg/L of amoxicillin in 2:8 ethanol/1.0 mol/L 
NaOH solution. Aliquots of 2 mL of these solutions were transferred to a glass pan of a 1.0 cm optical path. 

Cimelide® (CIMED), containing nimesulide in its formula, Androsten® (Herbarium), containing Tribu-
lus Terristris in its formula, and EMS®, GERMED®, Medley,® and Legrand®, containing amoxicillin in its 
formula, were obtained from local drugstores. All the commercial samples were prepared by crushing the 
tablets and diluting the substance to 100 mL of the stock solution. An aliquot of 50 μL was withdrawn from 
this solution and diluted to 10 mL of the stock solution, and then the spectrophotometric analysis was con-
ducted. The analysis consists of three distinct solutions: (a) 2.0 mL of stock solutions; (b) 0.5 mL of the 
sample, plus 1.5 mL of the stock solution, and (c) 0.5 mL of the standard solution, plus 1.5 mL of the stock 
solution. 

Clinical samples were performed in compliance with the standard method recommended by the Brazil-
ian Pharmacopoeia [20]. First, blood and urine samples were collected from patients, 5.0 mL of blood and 
50 mL of urine. Analyses of the drugs were performed by directly using the blood and urine of the patients, 
and the samples were recovered to analyze the efficiency of the proposed method. The uncertainties of the 
effectiveness of this method were assessed and compared with the target uncertainty and compatibility test 
devised by the Eurachem Guide/CITAC [21]. 

Results and discussion. Absorption spectra and standardization of the methodology. The solvent and 
the pH were first standardized in a suitable way for the detection of the drugs. Several proportions of ethanol 
and water were investigated for amoxicillin as well as the concentration of NaOH for nimesulide and Tribu-
lus Terrestris so that the drug detection of the pharmaceutical samples could be optimized. Among the pro-
portions studied, the ratio 2:8 ethanol/NaOH was chosen because it showed a better spectrophotometric re-
sponse, and the NaOH concentration of 0.1 mol/L for nimesulide and 1.0 mol/L for amoxicillin and Tribulus 
Terrestris were also chosen. 

Several solvents were tested, such as ethanol, isopropyl alcohol, tetrahydrofuran, acetone, and water. 
Among the solvents studied, water was chosen, because it provided a better spectrophotometric response for 
nimesulide and Tribulus Terrestris and ethanol/water for amoxicillin. The spectrophotometric experiments 
were carried out in alkaline media, since several substances do not have absorption peaks in an acidic or neu-
tral medium, such as the case of the molecules of nimesulide and amoxicillin, but in an alkaline medium 
there are characteristic absorption peaks for their quantification [22]. Tribulus Terrestris was used in a basic 
medium because its dissolution does not occur in an acid or neutral medium. In the case of amoxicillin, an 
ethanol/water mixture was used because of the low solubility of the drug in an aqueous medium [23]. 

After the stock solutions had been optimized, representative spectra were performed for the drugs stud-
ied, as shown in Fig. 1. The maximum wavelengths obtained were as follows: 460 nm for the nimesulide 
solution, 530 nm for amoxicillin, and 350 nm for the Tribulus Terrestris solution; these wavelengths were 
used for the later experiments. 
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The molar absorptivity coefficient (ε) for the quantification of drug concentration by spectrophotometry 
was determined by means of the Lambert–Beer law [24]. Table 1 shows the molar absorptivity coefficient 
values for each of the analyzed drugs. 
 

A, a. u. 
Nimesulide 
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Tribulus Terrestris  1.6 
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Fig. 1. Representative spectrum for nimesulide containing 7.0 mg/L of nimesulide in 0.1 mol/L NaOH, 
amoxicillin containing 7.0 mg/L of amoxicillin in 2:8 ethanol/1.0 mol/L NaO Hand, and Tribulus Terrestris 
containing 1.0 mg/L of Tribulus Terristris in NaOH 1.0 mol/L. The data correspond to a representative assay  

of seven independent experiments in 300–700 nm.  
 
Owing to the slow reaction rate for amoxicillin in an alkaline medium, it was necessary to perform a ki-

netic study by varying the concentrations of NaOH and ethanol. The kinetic equation was first order for 
amoxicillin and zero order for NaOH (v = k[amoxicillin]) [25]. From the referent case study, it was observed 
that it is necessary to wait for a period of 30 min for the reaction to stabilize and subsequently carry out the 
experiments. 

The calibration curve. After the working conditions for the drugs had been optimized, spectrophotometric 
measurements were made to obtain the calibration curve in an alkaline medium. Seven analytical curves 
were formed with different results to obtain repeatability data for the spectrophotometric measurements. This 
involved seven analytical curves based on seven different methods to obtain the curve reproducibility 
data [26]. Figure 2 shows the calibration curve for the spectrophotometric measurements of the analyzed 
drug Tribulus Terrestris. The other drugs behaved in a similar way, as shown in Table 1, which outlines the 
statistical parameters for the intercept and slope, as well as Pearson’s linear correlation coefficient, the linear 
range and limits of detection and quantification obtained by the calibration curve. The results were satisfac-
tory, with low limits of detection and quantification, as well as a good linear correlation in the calibration 
curve. 
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 0      0.2    0.4    0.6     0.8    1.0  CTrib, mg/L 
 

 

Fig. 2. Analytical curve obtained for detection of Tribulus Terrestris in 1.0 mol/L of NaOH  
with λ = 350 nm containing 0.18 to 1.0 mg/L of Tribulus Terrestris.  

TABLE 1. Regression, Correlation, Homoscedasticity, Linearity, Molar Absorptivity, Limit of Detection, 
and Quantification and Concentration Range of Test Parameters for the Performed Standard Calibrations 
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Drug a b, L/mg r n F FLOF
, 

L/(cm  g) 
LOD, 
mg/L

LOQ, 
mg/L 

Concentration 
range, mg/L 

Nimesulide 0.0066 0.2377 0.9998 8 2.24 3.29 237.7 0.092 0.31 0.42–5.13 
Amoxicillin 0.0006 0.1709 0.9995 8 3.86 2.19 170.9 0.14 0.48 0.36–4.85 

Tribulus  
Terrestris 

0.0036 1.111 0.9997 6 2.99 2.44 1111 0.019 0.066 0.18–1.0  

N o t e. a and b are the intercept and slope of the regression line, r is Pearson’s linear correlation coefficient, 
F and FLOF are the calculated parameters of the Fisher and ANOVA-LOF tests corresponding to the critical 
values of 5.81 and 4.02 respectively,  is molar absorptivity, LOD is limit of detection, and LOQ is limit of 
quantification. 
 

The homogeneity of the instrumental response variances was evaluated by means of Fisher’s tests [27],  
and the linearity through the ANOVA Lack-of-fit [28] test at a 95% confidence level. 

Table 1 shows the linear regression and the correlation parameters estimated for the calibration curves 
and the parameters involved in the homoscedasticity and linearity tests of the signal. When the Fisher homo-
scedasticity test and Lack-of-fit ANOVA linearity are taken into account, all the calibrations have homosce-
dastic signals corresponding to the critical values of 5.81 and 4.02, respectively. This means that the least 
squares method can be applied to quantify the drugs by spectrophotometry in alkaline media. 

In the case of nimesulide, the spectrophotometric response was linear and in the concentration range 
from 0 to 5.13 mg/L with a detection limit of 90 μg/L and a quantification limit of 0.3 mg/L, as expressed in 
the equation Abs = 0.0066 + 237.7[nimesulide/mg/L] (n = 8; R = 0.9998) [29]. With regard to amoxicillin, 
the spectrophotometric response was linear and in the concentration range from 0 to 4.85 mg/L with a detec-
tion limit of 0.14 mg/L and a quantification limit of 0.48 mg/L, as given in the equation Abs = 0.0006 + 
+ 0.1709[amoxicillin/mg/L] (n = 8; R = 0.9995). In the case of Tribulus Terrestris, the spectrophotometric 
response was linear and in the concentration range from 0 to 1.00 mg/L with a detection limit of 19 μg/L and 
a quantification limit of 66 μg/L, in accordance with the equation Abs = 0.0036 + 1.111[Tribulus Ter-
restris/mg/L] (n = 6; R = 0.9998). 

Application in real samples. The applicability of the developed spectrophotometric method was as-
sessed by determining the contents of the drugs in clinical samples of blood and urine and commercial sam-
ples with tablets containing the medicine. The blood samples studied were from patients, and the blood was 
extracted following the procedure outlined in the materials and methods section. 

The results obtained by the spectrophotometric method are shown in Table 2, which compares the value 
detected by the recovery in the clinical samples with the values tabulated in the tablets. All the results ob-
tained have a number of associated uncertainties [30]. The recovery values were 1 to 7%. The results were 
less satisfactory in clinical specimens due to interferences in the blood and urine, but all the results passed 
the compatibility tests described earlier. 

As observed in the results given in Table 2, the recommended spectrophotometric method was efficient 
in quantifying the drugs in the studied samples, where the values are close to the recovered value and those 
labeled as commercial samples. A preliminary statistical study was undertaken to observe the reproducibility 
of the method for drug detection by calculating the uncertainty parameters for each of the samples, as shown 
in Table 2. 

All the results were shown with their respective uncertainties associated and combined with the law of 
propagation of uncertainties [31]. The expanded uncertainty (U) was calculated at a 95% confidence interval 
by multiplying the combined uncertainty by a factor of k = 2, as shown in Table 2. The sources of uncer-
tainty were the stock solution (s), sample volume (v), dilution factor (d), and extrapolation of the calibra-
tion curve (e). All these uncertainties were calculated by adopting a bottom-up approach and combined in 
accordance with the equation [32] 

 = s
2 + v

2 + d
2 + e

2,         (1) 

where  is the uncertainty of its experimental value and  is the reference value.  
The calculated expanded uncertainty was compared with the target uncertainty in accordance with the 

EURACHEM/CITAC21 guidelines and followed the criterion of being up to 10% of the experimental value. 
Table 2 shows the percentage of uncertainties for each of the samples, and all of them had a maximum of 
10%, which is in line with the adopted criteria for target uncertainty. 
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TABLE 2. Results  of the Spectrophotometric  Determinations  of the Studied  Drugs.  
These  Show  the  Absorption  of Each  Sample,  Estimated  Reference  Concentration  
with Regard to its Respective Uncertainty, Compatibility Test, and Target Uncertainty 

 

Drug Sample Absorption 
Estimated concen-

tration γE, spec-
troscopy method 

Reference con-
centration γR, 

mg/L *** 

Compatibility test 
(absolute difference, 

|γE – γRef|), mg/L 

Target 
uncer-

tainty, %
Blood A 0.306 5.05±0.23* 5.00±0.05 0.05±0.47 4.6 
Blood B 0.311 5.12±0.35* 5.00±0.05 0.12±0.70 6.8 
Urine A 0.319 5.25±0.44* 5.00±0.02 0.25±0.88 8.4 

Nimesulide 

Cimelide© 0.326 107±4.35** 100±1.2 7.00±8.98 4.1 
Blood C 0.207 4.84±0.13* 5.00±0.05 0.16±0.28 2.7 
Urine B 0.226 5.29±0.29* 5.00±0.02 0.29±0.58 5.5 
EMS© 0.219 512±13.7** 500±6.2 12.0±29.9 2.7 

GERMED© 0.217 508±15.4** 500±6.2 8.00±33.0 3.0 
MEDLEY© 0.216 505±14.3** 500±6.2 5.00±31.0 2.8 

Amoxicillin 

LEGRAND© 0.222 869±32.1** 875±9.4 6.00±66.6 3.7 
Blood D 0.596 2.13±0.17* 2.00±0.03 0.13±0.34 8.0 
Urine C 0.697 2.48±0.25* 2.00±0.01 0.48±0.50 10.1 

Tribulus 
Terrestris 

Androsten© 0.494 89±3.26** 94±0.09 5.00±6.49 3.7 

The increased degree of uncertainty was estimated for a confidence value of 95%. 
* Samples of blood and urine in units of mg/L. 
** Commercial sample measurement units in mg/tablet. 
*** The comparative reference values were the recovery and tabulated values in the packages with their as-
sociated degrees of uncertainty. 

 
A compatibility test was conducted to evaluate the reliability of the proposed method by comparing the 

experimental value with the reference value and taking account of the uncertainties of the experimental val-
ues and the reference values, as shown in the equation [33]: 

E – R tE
99%u2(E) + u2(R),            (2) 

where γE and γR are the experimental and reference values, respectively; u2(E) is the uncertainty associated 
with the experimental and reference values; and tE

99% is the t-value of student for the number of experimental 
repetitions for 99% confidence and relative degrees of freedom uE. 

If this condition is true, the proposed method is compatible with the adopted reference values [33]. The 
uncertainty of the standards was calculated by estimating the uncertainties of the preparation and recovery of 
the samples. The uncertainties that took into account the reference value were the uncertainty of the stock 
solution (s), sample volume (v), and dilution factor (d).  

On the basis of the data obtained in Table 2, the spectrophotometric method in an alkaline medium be-
haved in a satisfactory and acceptable way for the spectrophotometric technique of quantification and meant 
that the application of the method employed in the quantification of the medicines in clinical and commercial 
samples was feasible. The values with their respective uncertainties are compatible with the target uncertainties. 

Conclusion. The use of the spectrophotometric method in an alkaline medium proved to be very effi-
cient in preparing a new spectrophotometric method for the determination of nimesulide, amoxicillin, and 
Tribulus Terrestris in clinical and commercial samples. The experimental results show that the method de-
veloped is promising for determination of these drugs in different types of real samples. The absorbance ob-
tained was proportional to the concentration of the drugs, and the method had low detection limits during the 
spectrophotometric measurements. In view of its sensitivity, stability, operational simplicity, and cost-
effectiveness, the method developed is highly efficient in the determination of these medications. 
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